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Each month, Chemistry & Biology Select highlights a selection of research reports from the recent
literature. These highlights are a snapshot of interesting research done across the field of chemical
biology. This month’s Select highlights structural analysis of enzyme required for Vibrio cyclic dinu-
cleotide production, a synthetic ion transporter that links chloride ion concentration to apoptosis, a
report that connects bacterial pigments, AhR and themechanism of infection, and a small molecule
probe for SETD7 lysine methyltransferase.Structures of DncV from Vibrio cholerae
(green) identify the bacterial enzyme as a
homolog of the human immunity enzyme
cGAS (purple) and reveal the molecular
basis of mammalian 20–50
phosphodiester linkage specificity.
Image courtesy of Amy Lee and Philip
Kranzusch.Linking Nucleotides Together, This Way and That
Bacteria use cyclic dinucleotides (CDNs) as secondmessengers to regulate a number
of different processes ranging from biofilm formation to antibiotic production, while
eukaryotes use CDNs to modulate the innate immune response. One of the CDNs
with a role in mammalian immune response that attracted a lot of attention recently
is amixed baseG[20–50]pA[30–50]p (cGAMP). This cGAMP is produced by themamma-
lian cyclic GMP-AMP synthase (cGAS) that catalyzes two sequential reactions, where
linear pppG[20–50]pA dinucleotide is formed first followed by 30–50 phosphodiester
cyclization. The 20–50 cGAMP linkage is critical for immune response stimulation.
On the other hand, a mixed base cGAMP identified in Vibrio cholerae is a 30–50 linked
cGAMP molecule. Unlike other bacterial CDNs that require involvement of dimeric
enzyme active sites, 30–50 cGAMP is synthesized by Vibrio DncV, an enzyme pro-
posed to be functionally similar to cGAS despite low sequence homology.
Kranzusch et al. now address this conundrum by solving crystal structures of Vibrio
DncV in a free state, bound to GTP, and in an intermediate state trapped by ATP and
nonhydrolyzable ATP. The wealth of structural information in combination with func-
tional analysis allowed the authors to compare details of DncV and cGAS. They
observe that the two enzymes are structurally similar yet display different reaction
pathways, with DncV proceeding through a pppA[30–50]pG intermediate. They use
structural comparison to pinpoint residues that guide linkage specificity and use
that information to generate cGAS mutants with reversed linkage specificity. These
mutants are able to signal in cells and elicit an immune response, highlighting the plas-
ticity in the immune response mediated by second messengers. Additionally, this
work demonstrates significant similarity between DncV and cGAS, which may have
interesting evolutionary implications.
Kranzusch et al. (2014) Cell 5, 1011–1021.Diamide-strapped calix[4]pyrroles (C4Ps)
function as chloride anion transporters in both
model membranes and mammalian cells, also
leading to increase in intracellular sodium
chlorideconcentrationviasodiumchannels.This
results in an increase in reactive oxygen species
(ROS) and induction of caspase-dependent
apoptosis. Image courtesy of Injae Shin.
ChA Dash of Salt to Induce Apoptosis
Cellular ion homeostasis is a fundamentally important process of maintaining
intracellular levels of inorganic ions. This process involves an array of diverse
transmembrane proteins functionally known to be either ion channels or trans-
porters. The presence of these proteins renders biological bilayer membranes
permeable to ions.Given that intracellular ionconcentration is linked tonumerous
processes, includingcell proliferation andapoptosis, bothofwhichareoftendys-
regulated in cancer, controlling ion concentration, including chloride, is being
pursued as a potential therapeutic strategy. From that perspective, developing
small molecule-based synthetic ion transporters is of ongoing research interest.
Despite these efforts, however, not much is known about the exact mechanism
by which changes in ion concentration lead to specific cellular events.
In a new report, Ko, Kim et al. develop two diamide-strapped calix[4]pyrroles
(C4Ps) and show that both C4Ps function as chloride anion transporters in
both model membranes and mammalian cells. The authors present evidence
that chloride ions enter mammalian cells via C4Ps and that this process isbalanced by sodium ion entrance via sodium channels. Thus, the two C4P-based chloride transporters also induce sodium
influx, resulting in stable intracellular ion balance. Follow-up work in two cancer cell lines, HeLa and A549 cells, yieldsemistry & Biology 21, September 18, 2014 ª2014 Elsevier Ltd All rights reserved 1037
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both chloride and sodium ions to be present in extracellular environment and sodium channels to be fully functional. There-
fore, the presence of C4P transporters leads to an overall increase in intracellular sodium chloride concentration, which re-
sults in increase in reactive oxygen species (ROS), and that, in turn, induces caspase-dependent apoptosis via a well-estab-
lished pathway involving cytochrome c release from mitochondria. This work demonstrates a link between intracellular ion
concentration and a specific physiological response and suggests that C4P-based transporters might be useful tools for
controlled induction of caspase-dependent apoptosis.
Ko et al. (2014). Nat. Chem. Published online on August 11, 2014. http://dx.doi.org/10.1038/nchem.2021.
The Language of Infection
Bacteria are miniature chemical factories that employ numerous enzymes to generate diverse secondary metabolites. Most
prominent examples of secondary metabolites are antibiotics and pigments that are used for different purposes, including as
virulence factors. Some examples of pigments used as virulence factors are phenazines produced by Pseudomonas aerugi-
nosa and naphthoquinones from Mycobacterium tuberculosis.
In the their newwork,Moura-Alves, Fae´, Houthuys, Dorhoi et al. report that pigmented virulence factors are new ligands of the
aryl hydrocarbon receptor (AhR). AhR is a transcription factor and has a well-established role in binding environmental toxins,
most prominently polycyclic aromatic hydrocarbons, and activating a robust detoxification response; however, its part in path-
ogen recognition and regulation of antibacterial response has not been previously recognized. Nonetheless, Moura-Alves et al.
present evidence that pigmented virulence factors bindAhRand that this binding leads to the receptor’s activation in cell-based
assays. They also include strong evidence that this functional link exists andoperates in vivousing amousemodel of pulmonary
infection. The authors conclude that AhR regulates the host defense response against P. aeruginosa andM. tuberculosis infec-
tions by sensing the pigmented virulence factors these pathogens produce and launching a defense response that includes
upregulating expression of detoxifying genes as well as production of cytokines and chemokines. More generally, the authors
propose that AhRshouldbeconsidered tobea newclassof pattern recognition receptors and that bacterial pigments represent
a new class of pathogen-associated molecular patterns. This work is another example of the complex link between host and
pathogen and has interesting implications for understanding how the host neutralizes and eradicates bacterial infection.
Moura-Alves et al. (2014). Nature. Published online on August 13, 2014. http://dx.doi.org/10.1038/nature13684.(R)-PFI-2 binding in the peptide binding
groove of SETD7 (molecular graphics,
front right) inhibits YAP sequestration
into the cytoplasm resulting in the
nuclear YAP (back right, red
immunofluorescence staining). When
SETD7 is active (peptide substrate
bound, front left), YAP is localized to the
cytoplasm (back left). Image courtesy of
Dalia Barsyte-Lovejoy.Small Molecule Probe for SETD7
Epigenetic regulation of gene expression is mediated via a number of different post-
translational modifications, including lysine methylation. Enzymes that catalyze the re-
action of installing a methyl-lysine mark are called lysine methyltransferases. One of
theseenzymeswithabroadsubstrate repertoire, and thusa role inanumberof signaling
pathways, is SET domain containing (lysine methyltransferase) 7 (SETD7). Despite
accumulating evidence that SETD7 methylates some of the most prominent transcrip-
tional regulators, such as p53 and Rb, not much is known about the functional
consequencesofSETD7activity,mostlydue to the lackofclearSETD7-associatedphe-
notypes. Inorder toapproach investigatingSETD7 function fromadifferentperspective,
Barsyte-Lovejoy, Li, Oudhoff, Tatlock et al. set out to develop a small molecule inhibitor
of SETD7 methyltransferase activity. Their approach, based on the use of a high
throughput screen followedby structure-guidedmolecular design and optimization, re-
sulted in a smallmolecule, (R)-PFI-2, developed in collaborationwith Pfizer, that inhibits
SETD7 activity with high potency and selectivity. The structure of SETD7 in complex
with (R)-PFI-2 shows that the small molecule binds in the substrate binding pocket,
which leads the authors to argue that (R)-PFI-2 is likely to inhibit interaction between
SETD7 and a wide range of its substrates. In addition to establishing the contacts with the substrate binding pocket, (R)-PFI-2
also interacts with the cosubstrate S-adenosylmethionine (SAM) and induces conformational changes within the region
of SETD7 known as post-SET loop. The authors present evidence that (R)-PFI-2 is a SAM-dependent inhibitor, given that (R)-
PFI-2 binds to SETD7 only in the presence of SAM. In addition to these results obtained with purified enzyme, the authors
also show that (R)-PFI-2 binds SETD7 in cells and that this interaction leads to specific downstream effects, notably the modu-
lationof SETD7-mediatedYAP localization,whereYAPnuclear localization inMEFswas increased in the presenceof (R)-PFI-2 in
SETD7-dependent fashion.Overall, this adds to the existing evidence thatSETD7 is involved in theHippo/YAPsignalingpathway
and suggests that future use of (R)-PFI-2 as a small molecule probe of SETD7 catalytic activity will result in additional interesting
insights into SETD7 function. As an additional note, this work is an example of results from an interesting collaboration between
theStructuralGenomicsConsortium (SGC)andninepharmaceutical companies togeneratewell-characterizedchemicalprobes
to epigenetic targets and to make them available to the community with no restrictions on use (http://www.thesgc.org/
chemical-probes/).
Barsyte-Lovejoy et al. (2014) Proc. Natl. Acad. Sci. 111, 12853–12858.
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